The anatomy and ultrastructure of internodes, leaves and petals were compared in Hypericum elegans, H. inodorum, H. olympicum, H. forrestii and two genotypes of H. perforatum. Internode anatomy was variable between species with respect to the structure of the cortical and pith parenchyma, including the presence of secretory reservoirs. Also, the secondary growth was more extensive in shrubs, i.e. H. inodorum and H. forrestii. In leaves, phloem secretory reservoirs were formed in all species, mesophyll secretory reservoirs were absent only in H. elegans and internal nodules were present only in H. elegans and H. perforatum. The petals differed between species in the mesophyll structure and the occurrence and location of secretory structures. The phloem secretory reservoirs lacked sheaths, whereas these were distinct in the mesophyll reservoirs. Other ultrastructural traits of the reservoirs were similar in all the species studied, with the exception of the leucoplast ultrastructure. In internal nodules, the inner cells vs. sheath cells differed in the number of vesicles and other membranous structures and plastid ultrastructure.
INTRODUCTION
Hypericum perforatum L., traditionally used in herbal medicine as a therapeutic plant, is today widely investigated for its anti-depressant and anti-retroviral activities (Strzelecka & Kowalski, 2000; Ernst, 2003) . Hypericum perforatum produces hyperforins, a family of antimicrobial acylphloroglucinols, and hypericins, a family of phototoxic anthraquinones exhibiting antimicrobial, anti-viral and anti-herbivore properties in vitro (Sirvent & Gibson, 2002) . As therapeutic drugs, hyperforin, hypericin, pseudohypericin and protohypericin can act as anti-tumoural, anti-depressant, anti-viral, anti-inflammatory and fungicidal agents (Onelli et al., 2002 and citations therein) . In vivo, these secondary metabolites are components of the inducible plant defence responses of H. perforatum, as inferred from their elevated content in response to biotic elicitors (Sirvent & Gibson, 2002) .
As a result of its long history of medicinal use, H. perforatum has been more widely studied than other Hypericum spp., which have usually been surveyed only as a source of novel chemicals; the structure of their organs has been neglected. This work was aimed at gaining a better understanding of the anatomical and ultrastructural diversity of some of these species. Special attention was paid to the secretory structures (phloem and mesophyll secretory reservoirs and inner nodules, appearing as black dots on the shoot) because of their importance for discrimination among taxa.
MATERIAL AND METHODS

SPECIES CHOICE AND GROWTH CONDITIONS
For the present study, five Hypericum spp. with different life forms were chosen.
Two mesophytic hemicryptophytes: H. elegans
Steph. ex Willd. and H. perforatum L. (section Hypericum L.). For the latter species the cultivar 'Topaz' and a local population from the Sanok town area in south-eastern Poland were sampled. Hypericum perforatum is common in Poland, whereas H. elegans occurs only at a single site in Ką ty near Zamość in eastern Poland (Brzeg, Koczewska & Szkudlarz, 1988 Voucher specimens were deposited in a herbarium at the Department of Botany, WULS.
Seeds of taxa native to Poland were collected from natural stands. Seeds of H. inodorum were obtained from the Adam Mickiewicz University Botanic Garden in Poznań , Poland, and seeds of H. olympicum and H. forrestii were obtained from the Botanical Garden of the University Vienna. The plants were grown in the experimental field of the Department of Vegetable and Medicinal Plants in Wilanów-Zawady (Warsaw) . Before planting, fertilizers [50 kg ha -1 nitrogen (N), 50 kg ha -1 phosphorus (P2O5) and 100 kg ha -1 potassium (K2O)] were applied and supplemented with 40 kg ha -1 N in May. In the years which followed, the doses were repeated. During the growing period, weeds were removed and the soil surface was aerated.
MICROSCOPY
In the present study, the aerial organs that are used as the raw materials in herbal medicine were collected. Fragments of lateral and middle leaf blades from the upper part of the shoot, internodes and apical and basal parts of petals from freshly opened flowers were sampled from plants in full bloom (the hemicryptophytes were re-grown after the first raw material was cut in June) and processed for microscopy.
The material to be processed for transmission electron microscopy (TEM) was cold-fixed for 24 h at -0.06 MPa in a mixture of 5% glutaraldehyde and 4% paraformaldehyde in 0.1 M sodium cacodylate buffer (pH 7.2). Samples were then rinsed repeatedly with the same buffer, post-fixed for 2 h with 2.5% osmium tetroxide (OsO4) in 0.1 M cacodylate buffer and rinsed again. They were gradually dehydrated in ethanol and acetone and embedded in glycidether 100 epoxy resin (formerly known as Epon 812; SERVA), grade hard. Approximately half of the samples were intended to be used only for light microscopy and these were not treated with OsO 4 but were stained with a stock solution of safranin (Broda, 1971; after Jensen, 1962) in 50-90% ethanol.
For anatomical studies, 3-to 5-mm-thick cross sections were cut using a Jung-RM2065-Supercut microtome (Reichert-Jung/Leica) and stained at 70°C with 1% aqueous azure A and 2% methylene blue in 2% borax. For safranin pre-stained sections, strongly diluted dyes were used resulting in blue coloration of non-lignified cell walls and cytoplasm, green coloration of lignified cell walls and red coloration of vacuoles and secretions containing phenolics. A similar staining method had been previously applied for the detection of proanthocyanidins (condensed tannins) in H. perforatum (Baroni Fornasiero, Bianchi & Pinetti, 1998) . For ultrastructural observations, ultra-thin sections were cut using an Ultracut E microtome (Reichert), collected on Formvar-coated slot-grids and contrasted with lead citrate and uranyl acetate. Observations and micrographs were taken using bright-field or Nomarski optics on a light microscope (Axioskop, Opton or AX Provis; Olympus) or a transmission electron microscope (TEM; JEM 100C or JEM 1220; Jeol) operating at 80 kV.
Negatives were scanned into electronic files [1600 or 3200 dpi resolution, TEM or light microscope (LM) negatives, respectively] using a CanoScan 9900F flatbed scanner. The gamma level and contrast of the resulting images were adjusted with Adobe Photoshop 7.0 software.
ESSENTIAL OIL ANALYSIS
Samples of leaves, flowers and stems were dried at a temperature of 30°C. The content of the essential oil in the air-dried samples was determined by the method of steam distillation according to Farmakopea Polska VI (2002) . The identification of essential oil constituents was performed by gas chromatography using a Hewlett-Packard 6890 gas chromatograph and a HP-5 capillary column 30 m in length and 0.32 mm in diameter at the detector temperature 250°C and injector temperature 220°C. Helium was used as the carrier gas. The column temperature was programmed as follows: 60°C for 2 min, a temperature increase of 8°C min -1 and finally 280°C for 5 min. Compounds were determined on the basis of their retention times compared with the standards.
RESULTS
GENERAL ANATOMY
The internodes were round or elliptical in cross section with two wings present in some species (Table 1 ; Fig. 1A, B) . Among the species studied, the internodes shared general structure and some histological details. All species had a unilayered epidermis with a thickened outer cell wall. However, they differed in the frequency of stomata and cuticle thickness (Table 1 ). The primary cortex consisted of chlorenchyma, ground parenchyma and endodermis. In all species, thickening of the cell walls in the ground parenchyma (also lignification in some species) occurred. Degeneration and obliteration of the cells was observed in older internodes. The process was most evident in the phanerophyte species H. inodorum and H. forrestii (Fig. 1B) and also included inner chlorenchyma cells. In the cortical tissues, both parenchymatous zones differed between species in volume and cell wall thickness (Table 1) , whereas the endodermis was uniform. In younger internodes, every endodermal cell differentiated a Casparian band in radial and transversal walls. Subsequently, the cells underwent non-synchronized development (Fig. 1C) . The secondary cell wall was deposited uniformly around the whole cell wall and an O-thickening was formed. First, a thick lamellate and lignified cell wall zone was formed and, next, a thinner, electron-dense and fibrillar inner zone developed. In H. forrestii, both zones were alternately deposited two or three times. In older internodes, the outer tangential and radial secondary cell wall separated from the primary one and sank into the cell lumen, which could be an artefact resulting from differential shrinking during dehydration. In such endodermal cells, the protoplast showed symptoms of degeneration. The species investigated exhibited different patterns of cortical secretory structure distribution, as shown in Table 1 . In the stele, the pericycle was uni-to biseriate (triseriate in H. forrestii) and uniformly parenchymatous (with no fibres). The pericycle cells contained large amyloplasts in their basal part. In phanerophyte species, initiation of periderm from inside the pericycle was evident (Fig. 1B) . At the time of fixation (early August), it was composed of uniseriate phellem, uniseriate phellogen and uni-to biseriate phelloderm, with the cells arranged into characteristic radial files. All peridermal cells were alive (including already suberized phellem cells) and connected with plasmodesmata, which united this tissue with the adjoining pericycle. Phloem fibres were absent from internodes of all species examined. In all species, secretory reservoirs were evenly distributed in the outer phloem and, in the two phanerophytes, which exhibited considerable secondary growth, new secretory reservoirs were observed to form close to the cambial zone (Table 1 ; Fig. 1B, D) . In the secondary xylem, long-lived fibres were abundant and xylem parenchyma was absent. The medullary rays were uniseriate within the secondary xylem and phloem. The pith varied in volume, sclerification or cell wall thickening and the presence of crystalcontaining idioblasts ( Fig. 1E ; Table 1 ). Speciesspecific patterns of safranin-positive phenolic accumulation were observed in internodes. Generally, leaves had abaxial stomata, outer epidermal cell walls that were thicker on the adaxial side, adaxial uniseriate palisade parenchyma and transitory parenchyma that were more or less clearly differentiated ( Fig. 2A-E) , with the exception of the xerophytic H. olympicum (Fig. 2F) . The xeromorphic leaves of this species were isolateral (Table 2) with thick epidermal outer walls and thin cuticles. The leaf venation consisted of three equally thick veins and a network of finer branches in H. elegans and H. perforatum and a main vein with finer branches in the other species. In all species, the main vein(s) was accompanied with ground parenchyma, which transformed into a few cells with collenchymatous cell wall thickenings at the epidermis ( Fig. 2A) . In H. inodorum, which has the largest leaves, the structure of the main vein was strengthened with a discontinuous layer of fibres (Table 2 ; Fig. 2B ). The veins were always collateral, but they differed in meristem presence. In large-leaved H. inodorum and H. forrestii, the main vein contained fascicular cambium (Table 2) , which increased the volume of vascular tissues, especially the vein phloem. In the same species, an adaxial extension of the vein parenchymatous sheath in middle-sized veins was observed. Transfer cells were not found in any of the species examined. Secretory reservoirs differentiated in vein phloem (outer phloem in wider veins) in all taxa except H. inodorum and H. forrestii. In the main vein of these species, because of the activity of the fascicular cambium, new phloem was formed and new secretory reservoirs appeared in the new layers (not shown). In mesophyll, other secretory reservoirs were present which differed in their diameter and location within the chlorenchyma (Table 2 ; Fig. 2A -E), and internal nodules were also formed in some species (Fig. 2F) . As in the internodes, species-specific patterns of safranin-positive phenolic accumulation were also observed in leaves (Table 2) . However, large amounts of safranin-stained material were observed in the vacuoles of palisade parenchyma and parenchymatous vein sheaths of all species. Petals, like leaves, were dorsiventral, were devoid of stomata and had thickened epidermal outer cell walls on the abaxial side ( Fig. 3A-E) . In H. olympicum, subcuticular mucilage was observed. The species differed in the presence of epidermal papillae (Table 3) . In H. inodorum, H. olympicum and H. forrestii, petals were somewhat fleshy, resulting from more mesophyll layers and a rather compact arrangement of the cells. Species-specific patterns of distribution and type of mesophyll-located secretory structures were observed in petals. The petal veins were collateral, ensheathed with parenchyma only, and were devoid of fascicular cambium. They were located close to the abaxial epidermis or centrally within the mesophyll (Table 3) . In H. inodorum, the sheath extension was formed of parenchyma cells enriched in safranin-positive phenolics. As in the other organs investigated, no transfer cells were found in the vascular tissue of petals. Secretory reservoirs were observed in phloem of veins, but they were less frequent than in leaf veins (Table 4) . Species-specific patterns of safranin-positive phenolics were discernible in petals, as they were in leaves and internodes (Table 3) .
PHLOEM SECRETORY RESERVOIRS
In all species investigated, secretory reservoirs formed in phloem of leaves, petals and stems. In cross section, the reservoirs consisted of four epithelial cells (occasionally more) and no sheath was formed around them (Figs 1D, 4A) . Their common middle lamella and the middle lamella between radial walls of epithelial cells gradually disappeared. Thus, a schizogenous reservoir was formed. Thin, moderately electron-dense cuticle that was discontinuous in some places was left in the reservoir after secretion extraction. The walls adjoining the reservoir were considerably loosened and they were thinner than the other walls of the epithelial cells. Within the fibrils resulting from cell wall loosening, droplets of moderately electron-dense secretion could be seen (Fig. 4B ), but the reservoir was devoid of such secretion, as it must have been extracted during sample dehydration for microscopy. Occasionally, a different, strongly electron-dense substance was present in the reservoir (Fig. 4A) . Small granules of a similar substance were often present between the plasma membrane of epithelial cells and the cell wall. Within the thin parietal cytoplasm of epithelial cells, weakly electron-dense droplets occurred that resembled lipid bodies. Usually, they were associated with multivesicular (Fig. 4C) . The content of the droplets was similar to the secretion present within cell wall fibrils. The unique trait of the epithelial cells was their plastids, which did not resemble any other plastids in the surrounding phloem or other tissues. In epithelial cells, small strongly electron-dense leucoplasts were differentiated. Within their stroma, a delicate reticulum of electron-transparent tubules could be seen (Fig. 4D, E) . However, the presence of the reticulum was organ-and species-dependent (Table 5) . Typically, the tonoplast underwent early fragmentation in epithelial cells (Fig. 4E) . Secretory reservoirs that occurred in the cortical chlorenchyma of some investigated species (Table 1) resembled the phloem reservoirs rather than mesophyll reservoirs of leaves and petals in H. perforatum, but not in H. forrestii.
MESOPHYLL SECRETORY RESERVOIRS
Spherical secretory reservoirs occurred in the leaf mesophyll of all species examined, with the exception of H. elegans (Table 2 ). In petals, reservoirs of similar ultrastructure were differentiated as elongated canals in some species (Table 3) . In H. forrestii, in addition to spherical reservoirs, elongated reservoirs were present in leaf mesophyll. In the leaves of H. olympicum and H. perforatum, the secretory reservoirs occupied the whole thickness of the mesophyll and thus adjoined both ad-and abaxial epidermis (reservoirs in petals had smaller diameter). In H. inodorum and H. forrestii, the diameter usually corresponded to the thickness of the palisade or spongy parenchyma. In the mesophyll reservoirs, two or three cell layers were discernible. The cells that adjoined (and formed) the reservoir, termed epithelial cells, were ensheathed with a uni-or biseriate (rarely) sheath (Fig. 5) . At maturity, epithelial cells appeared empty under the light microscope, but not with TEM. The thin-walled epithelial cells were ultrastructurally different from the sheath cells. During the formation of the schizogenous reservoir, their middle lamellae disappeared and cell walls were loosened to form a network of delicate fibrils, as in phloem reservoirs. Within the fibrils, and between them and the inner cuticle, the secretion was usually present in the form Fig. 4D ). In sheath cells, chloroplasts with distinct grana and (large) starch grains were observed in leaves and, in some species, also in petals (Fig. 5 ). In the sheath cells, chloroplasts were always positioned at the cell wall most distant from the reservoir.
ESSENTIAL OIL Significant differences were found in the content and composition of the essential oil in leaves, flowers and stems of the investigated species. The essential oil content ranged from trace to 0.35% (Table 6) . From among 50 detected constituents of the essential oil, 19 mono-and sesquiterpenes or their derivatives were identified (Table 7) . In most of the samples, the dominant constituent of essential oil appeared to be 2-methyloctane and for the others it was a-pinene. The content of 2-methyloctane in the essential oil ranged from 12.33 to 39.43% and the content of a-pinene ranged from 1.07 to 16.42%. Other compounds present in appreciable concentrations were: a-terpineol (1.45-10.09%), b-pinene (0.61-8.90%), b-caryophyllene (0.92-9.73%) and a-humulene (1.05-3.67%).
INTERNAL NODULES
Internal nodules were found in the leaf and petal mesophyll and in stem wings only in H. elegans and H. perforatum (Tables 1-3 ). In the nodules, a biseriate sheath of flat cells surrounded the inner cells, which were rounded, tightly packed and bigger than the sheath cells (Fig. 6 ). During sectioning, the inner nodule cells often fell out, especially in osmiumcontrasted samples of leaves, indicating a limited penetration of the embedding resin. All the nodule cells were strongly safranin-positive and extremely electron-dense after osmification. Both reactions were stronger in the leaf than in the petal nodules. In petals, the outer sheath cells were sometimes only weakly coloured.
All the nodule cells were alive prior to fixation and they contained thin parietal cytoplasm with cytoplasmic bridges spanning the vacuole. The cytoplasm and organelles were electron-dense, but less so than the vacuole content. The content was uniformly dark, in contrast to the vacuolar sap of other Hypericum cells, which contained either large globules or a fine precipitate of an electron-dense and safranin-positive (in the light microscope) substance. The sheath and inner cells differed in the appearance of organelles. In sheath cells, all types of organelles were relatively easy to observe, including the nucleus, endoplasmic reticulum, Golgi bodies with numerous vesicles, small mitochondria, chloroplasts with grana, numerous plastoglobules and occasionally starch grains (Fig. 7A, B) . Close to the plasma membrane and tonoplast, lipid bodies, numerous vesicles and membranous bodies were often seen. In the inner nodule cells, the cytoplasm layer was thinner and the organelles were more difficult to find, probably because of the much larger volume of inner vs. sheath cells. The vesicles and membranous structures were more abundant (Fig. 7C, D) , and the chloroplasts were ultrastructurally different (Fig. 7E) , as they contained fewer thylakoids and more plastoglobuli than those in the sheath cells. Within the nodule, the cell walls were always thin (sometimes folded in inner cells) and, between the wall fibrils, small electron-dense particles were deposited. Plasmodesmata were observed within the nodule, including the inner cells (Fig. 7F) .
DISCUSSION GENERAL ANATOMY
Hypericum consists of c. 370 species (Stevens, 2001) and it is the largest genus in Hypericaceae Jussieu. Species are diverse in their habit, ranging from small herbs to small trees (Metcalfe et al., 1950) . Except for H. perforatum, which has been used for centuries as a medicinal herb and has therefore been widely investigated, little is known about the anatomy, and espe- A, accumulation of electron-dense secretion in phloem reservoirs in Hypericum elegans. B, accumulation of secretion (asterisk) within a loosened middle lamella and cell wall (rosettes) anticlinal to the reservoir in Hypericum perforatum. C, multivesicular body and secretion at the cell wall (arrow) facing the reservoir lumen in H. perforatum. Indicated here are the cuticle-like layer (double arrowhead) and the electron-dense deposits at the outer surface of plasma membrane (arrowheads). Note the loosening of the outer cell wall. D, leucoplasts with a reticulate stroma in epithelial cells of H. perforatum 'Topaz'. Cell wall together with middle lamella anticlinal to the reservoir lumen (arrows) is loosened until it reaches the position marked (rosette). E, leucoplasts with a non-reticulate stroma in epithelial cells of Hypericum olympicum. Cell wall together with middle lamella anticlinal to the reservoir lumen (arrows) is loosened until it reaches the position marked (rosette). Scale bars, 9.7 mm (A), 0.6 mm (B), 0.4 mm (C), 1.2 mm (D) and 1.1 mm (E).
B. ŁOTOCKA and E. OSIŃ SKA
The general anatomy of shoot organs in Hypericum studied in this work was consistent with the description by Metcalfe et al. (1950) , with the exception of the stem pericycle which was devoid of sclerenchyma. The structure of vascular tissues was similar between the investigated species, excluding the traits related to the secondary growth in the phanerophytes H. inodorum and H. forrestii. In perennial shoots of these species, the secondary growth was extensive 
X, the secretory structure does not occur in a particular species. *Chloroplasts (ch). †Chromoplast (chr). ‡Sheath/epithelial cells or sheath/nodule central cells. §Ultrastructurally changed chloroplasts (uch). and it involved formation of new secretory reservoirs within the secondary phloem. In the annual shoots of the other species, such reservoirs were formed in the primary phloem only. Consistent with the different life form of H. inodorum and H. forrestii, the initiation of periderm from the inner pericycle was evident in the stems. The cortical parenchyma underwent concurrent degeneration prior to being shed. Polyderm (mentioned by Metcalfe et al., 1950) initiation was not observed, as the new protective layer had a cell wall ultrastructure typical of phellem cells. In all species investigated, an endodermis was formed that underwent ultrastructural differentiation identical to that typical for this tissue in roots (Clarkson & Robards, 1975) , where it serves as an effective barrier for radial solute transport in the apoplast. The transport of particular substances in a particular direction possibly necessitates the formation of such a barrier in Hypericum stems, but the nature of these substances and their transport remains to be examined. The function of this apoplastic barrier may not include gravitropic function in Hypericum endodermal cells because the large basally positioned amyloplasts, which are part of the gravitropic reaction mechanism (Sack, 1997) , are observed in the pericycle and not in the endodermis. In the shoot, the latter is typically the site of gravitropic stimulus perception (Tasaka, Kato & Fukaki, 1999) . All organs investigated exhibited a specific pattern of safranin-positive phenolic accumulation in vacuoles. The form of accumulation varied between organs (fine precipitate to large globuli). In leaves and petals, the accumulation pattern was reversed in response to irradiation. In leaves, the adaxial cell layers (usually the epidermis and palisade parenchyma) accumulated large amounts of these substances, as did the petals and the abaxial side cells. Until anthesis, petals expose their abaxial side to the environment (especially to ultraviolet radiation) and they wither and gradually die approximately 1 day after anthesis in species having delicate flowers (H. elegans and H. perforatum). Therefore, the exposure of the adaxial tissue layers to the direct sunlight is irrelevant for their functioning in the long term.
SECRETORY RESERVOIRS
The presence of secretory structures producing a nonnectar secretion is generally considered to serve a defence function (Palo & Robbins, 1991) . Specifically, the secretions (essential oil) may protect the plants against excessive feeding by herbivores. The essential oil was produced in measurable amounts only in several Hypericum spp. investigated in this work and the oil concentration or content was comparable with previous reports (Hoelzl & Petersen, 2003; Schwob et al., 2004; Demirci et al., 2005; Radusiene, Judzentiene & Bernotiene, 2005; Smelcerovic et al., 2007) . The secretory reservoirs associated with phloem are the only ubiquitous and constant secretory structure in the Hypericum spp. investigated in this study. Such a location might provide some protection from phloemfeeding herbivores (Lersten & Curtis, 1989) . Significantly, these reservoirs were located in the outer (Curtis & Lersten, 1990; Ciccarelli, Andreucci & Pagni, 2001b) . Both types were also found in the species in this work and their structure was consistent with that previously described. Histochemical tests showed that phloem reservoirs never contained essential oils, but alkaloids, lipids and resins accumulated in them. Tannins also accumulated in stems (Ciccarelli et al., 2001b) . The content of the mesophyll reservoirs was more organ-dependent. Alkaloids and lipids were always present in these reservoirs, whereas essential oils were produced in petals and leaves but not in stems, and resins were not present in leaves. Here, it has been shown that if the essential oil is produced, its composition is organ-dependent.
Previously, contradictory data were published concerning the mode of the formation of reservoirs (Siersch, 1927; Curtis & Lersten, 1990 and the citations therein). As Curtis & Lersten (1990) showed, the mesophyll reservoirs are undoubtedly of schizogenous origin. Because the ultrastructure of the cell walls facing the reservoir cavity and anticlinal to it is identical in the mesophyll and phloem reservoirs observed in all species included in this work, it is reasonable to assume that they are formed in the same way. Additionally, this hypothesis is supported by the ultrastructure of secondary phloem reservoirs in H. inodorum and H. forrestii. During the formation of the secretory cavity, no remnants of lysed cells were ever found within it and the cavity was initiated because of the loosening of the middle lamella between the four epithelial cells.
Usually, endoplasmic reticulum and Golgi bodies are implicated in plant cell secretory activity, with the multivesicular bodies being formed as a by-product (Battey et al., 1999) . In molecular studies it has been shown that mono-and diterpene synthesis occurs in leucoplasts and chloroplasts, whereas sesquiterpenes are synthesized in cytoplasm and smooth endoplasmic reticulum (McCaskill & Croteau, 1995; Turner et al., 1999; Bouvier et al., 2000; Turner & Croteau, 2004) . In the epithelial cells of the secretory reservoirs observed in this work, leucoplasts were present, which, in some species, formed a delicate reticulum within their stroma. The structure cannot be unequivocally associated with the production of mono-or diterpenes, because, of the three species that produce a significant amount of essential oil (H. elegans, H. olympicum and H. perforatum), the second does not form reticulum.
The epithelial cells observed in this work had a fragmented tonoplast in contrast to the adjacent cells of different types. The fragmentation may have arisen as a fixation artefact or it could serve a specific function. Specialized cells, which during their differentiation undergo tonoplast fragmentation that does not lead to their degeneration, form the so-called boundary layer in the cortex of legume root nodules (Parsons & Day, 1990) . Because of the turgor loss after tonoplast fragmentation (and also cell wall modifications), the cells form an efficient apoplast barrier (Brown & Walsh, 1996) . In Hypericum secretory reservoirs, the loss of turgor in epithelial cells may decrease the mechanical stress within the middle lamella that bonds their anticlinal walls and thus prevent the escape of toxic secretions into the surrounding tissue.
INTERNAL NODULES
The inner nodules of Hypericum do not conform to any internal secretory structures known from any other group of plants, as claimed by Curtis & Lersten (1990) . However, the same authors described the transition between mesophyll secretory reservoirs and inner (elongated) nodules in petals of H. perforatum. The presence of such hybrid structures suggests that reservoirs and nodules share some genetic information. Additionally, in H. balearicum L. leaves, bulges and pustular cavities are present that are initiated as large cellular nodules. Later, the central cells separate unevenly to form an irregular cavity into which isolated cells and clusters of cells intrude (Curtis & Lersten, 1990) . These data suggest that inner nodules are an evolutionary modification of common secretory reservoirs.
In H. perforatum, the inner nodules lack intercellular spaces and they are composed of several large cells surrounded by a mono-or biseriate sheath of flattened cells (Curtis & Lersten, 1990; Baroni Fornasiero et al., 1998; Ciccarelli, Andreucci & Pagni, 2001a) . This work shows that the (ultra)structure of inner nodules in H. elegans does not differ from H. perforatum. Histochemical tests show that the nodules are negative for the presence of lipids, essential oils, sesquiterpene lactones, steroids and proteins, and they are positive for pectic-like substances, tannins and alkaloids (Ciccarelli et al., 2001a) . However, their most interesting feature is the synthesis and accumulation of hypericin and pseudohypericin (Zobayed et al., 2006; Kornfeld et al., 2007) .
The structure of Hypericum inner nodules has been studied since the 19 th century, but, because of the compact arrangement of the nodule cells and dark content, they were recognized relatively late and contradictory reports were published concerning the nodule ultrastructure. Specifically, several authors reported that the inner cells became non-functional and disassembled towards the end of their differentiation and that they were used only as reservoirs for secretion products (Baroni Fornasiero et al., 1998; Onelli et al., 2002 in H. perforatum; Baroni Fornasiero et al., 2000 in H. richeri Vill.) . In this work, inner nodules were investigated in mature leaves of H. elegans and H. perforatum. At maturity in both species, the inner nodule cells retain the cytoplasm with organelles that do not exhibit any clear degenerative symptoms. Also, in contrast to the data by Onelli et al. (2002) , the inner nodule cells remain connected with plasmodesmata at maturity. The parietal cytoplasm layer is thin and in some cells difficult to differentiate from the vacuole because of the extreme electron density of the nodule. This may explain the contradictory earlier observations.
